tronix 4109 graphics terminals, three Control Data
722 terminals, a Tektronix 4692 ink-jet plotter, and a
Control Data 533 line printer dedicated to PMC users
exclusively. Specialized software for process modeling
and control research is available both from in-house
development and from external sources. To further
the work on expert systems, PMC has acquired a
Symbolics 3620 machine with LISP and other ad-
vanced software systems. We plan to purchase a Sun
Engineering Workstation this summer to support the
Batch Reactor Control project. Public microcomput-
ers are widely distributed about campus.

CONCLUSION

These are exciting times at Lehigh and the Chem-
ical Process Modeling and Control Research Center.
The chemical process industry is very much interested
in stimulating research in process control, and in at-
tracting engineers who are well-educated in the field.
The university has responded to this challenge by
initiating an intensive industry/academia cooperative
research program to bring to light new knowledge in
areas of practical importance. The net result for
graduate students is that their research must satisfy
conditions both of novelty and of practical reality. In
our judgment, such a program yields engineers capa-
ble of succeeding in either academic or in industrial
careers. [

book reviews

MULTIPHASE SCIENCE AND TECHNOLOGY
Volume 2

Edited by G. F. Hewitt J. M. Delhaye, N. Zuber
Hemisphere Publishing Co., New York 10016; 1986.
479 printed pages, $62.50

Reviewed by
Y. Y. Hsu
University of Maryland

This book covers six subjects on multi-phase flow:
Chapter 1. Flow Pattern Transition in Gas-Liquid
Systems, Measurement and Modeling (A. E. Dukler,
Y. Taitel); Chapter 2, A Critical Review of the Flood-
ing Literature (S. George Bankoff, Sang Chun Lee);
Chapter 3, A Comprehensive Examination of Heat
Transfer Correlations Suitable for Reactor Safety
Analysis (D. C. Greenoveld, C. W. Snoek); Chapter
4, Reboilers (P. B. Walley and G. F. Hewitt); Chapter
5, Flow of Gas-Solid Mixtures Through Standpipes
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and Valves (L. S. Leung, P. J. Jones); Chapter 6,
Core-Annular Flow of Oil and Water Through a
Pipeline (R. V. A. Olieman, G. Ooms).

Chapter One on flow patterns in liquid-gas two
phase flow is a comprehensive review of many years
of significant contributions made by Professor Dukler
and his colleagues at the University of Houston. Two-
phase flow behavior is very much affected by the in-
terfacial transport, which in turn is affected by the
flow patterns. Determination of flow pattern has been
of fundamental importance to two-phase flow studies.
The authors’ contribution is to treat flow pattern
transition through modeling instead of the many em-
pirical approaches previously prevalent in the indus-
try. Dukler and Taitel are to be lauded for their more
scientific and mechanistic approach to establish the
flow pattern transition criteria. However, a major
class of flow patterns that are absent are those related
to vertical pipe or bundle with boiling/condensation
which are very important in reactor safety analysis
and in chemical processes.

The second chapter on flooding covers the subject
relating to counter-current flow in a vertical channel.
Since the flooding phenomena are very much affected
by the entrance geometry—the boundary conditions
(such as channel geometry heating or no heating), the
steam or air flow conditions and physical properties
(steam or air with water being subcooled or satu-
rated), etc.—it is very difficult to give an unified and
systematic treatment. The authors did a good job in
this attempt.

After the analytical models, some experimental re-
sults and empirical correlations were introduced. In
this section, unfortunately, a great deal of work car-
ried out in reactor safety research was only briefly
cited.

Chapter Three is a comprehensive examination of
heat transfer correlation used for reactor safety
analysis. The heat transfer package is the heart of
thermal-hydraulic codes developed to predict the
coolability of a reactor core during accidents and tran-
sients. Choice of proper heat transfer correlations for
each heat transfer mode is the key to the success of a
code. The authors of this chapter made a valiant effort
to critically examine the heat transfer correlations and
succeeded in giving a comprehensive review and pro-
vided readers with a fairly complete list of correlations
currently being considered for reactor analysis. But
the reviewer thinks that bundle data should be given
more weight than tube data in assessing the correla-
tions since bundle geometry is what is encountered in
a reactor.

Continued on page 209.
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h = coefficient of heat transfer between the surface of the
sphere and the bulk fluid
u, r and t are all dimensionless parameters defined as follows

T-T,
u= = where T_ = bulk temperature of the fluid
Tes - Ti surrounding the sphere
T. = initial temperature of the sphere
i
wE %— where RO = radius of the sphere
°© R = distance from the center of the
sphere
t= k t where t = real time
R 2pC
° P

Eq. (A1) with accompanying boundary conditions may be solved
numerically utilizing the Crank-Nicolson finite difference method.
The two independent continuous variables (r and t) are replaced by
discrete variables (also called here r and t) defined at points located
on the grid shown in Figure 2.

The following finite difference analogs may be written
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Making these substitutions in Eq. (A1) results in the following finite
difference analog

/2) i+l ,n+l [i - 3/2

1]

+u
Yit,ne T Y00

[-2at) - 2am?(s - 172) M]]
I3 =3

:

2(at) - 2(ar)?(i
At

= - +
ui-l n ui n [ i

P [_[i+1(2]]
i+l,n i-3/2

1/2
3/2

This equation applies for 2 =< i = (R-1). In writing this equation
fori=1ori= R, terms involving fictitious points (uy ,,+; and ug
Or Ug. 1, and Ug. n+1, respectively) are produced. Writing finite
difference analogs for the boundary equations allows these terms
to be eliminated.
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for all n. Replacing hRD/k with K gives

Yrs1,n = Yr,n {QM . 2} ' [E/(-EAEA; 2}
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for all n.
Therefore for i = R we have
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At each time level (where t > 0) R equations may be written
containing R unknowns. Furthermore these equations constitute a
tridiagonal matrix. Equations of this form are readily solved for u
as a function of r and t by the Thomas algorithm [3]. [

REVIEW: Multiphase Science

Continued from page 197.

Chapter Four is a review of a reboiler. The authors
struck a balance between practical application and sci-
entific analysis by discussing both the design strategy
and the appropriate correlations used for thermal-
hydraulic analysis. The authors recommend that a set
of several design equations be presented and a com-
parison be made of the relative merit of each for par-
ticular design applications.

Chapter Five covers flow of gas-solid mixtures
through standpipes and valves. In this chapter, most
attention was devoted to the flow regimes of solid-gas
in standpipes, which include four basic types: type I
fluidized flow and type II fluidized flow, PACFLO and
TRANPACFLO, and the combination thereof.

The gas-solid flow in a standpipe is still a subject
with incomplete knowledge. The authors made an ef-
fort to introduce the subject in a rational manner. The
readers can use this review as a good start to under-
stand not only gas-solid flow in standpipes but may
also find it inspirational in trying to understand other
multi-phase flow systems.

Chapter Six deals with core-annular flow of oil and
water through a pipeline. The motivation of such spec-
ial flow is to find a reduction of pressure drop for
pumping heavy, viscous oil through a pipe using water
in annular as a “lubricant.” Thus, the authors pro-
posed their lubricating-film model. In this model, the
main features are the inclusion of core eccentricity
and the ripple lubricating film. The validity range of
core-velocities for the lubricating-film model was
given. The authors also proposed some possible ways
of improving the models and predictions. []
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